In response to the pressing global challenges of climate change, community based management of miombo woodlands in Tanzania is promoted for carbon credit project development. However, evidence on its feasibility is scanty and questionable. This study examined the economic feasibility of carbon credit project development in community based forest management (CBFM) using four similar miombo woodlands from Southern highlands. The analysis was based on 144 sample plots from managed woodlands and 100 plots from business as usual (BAU) (open access). Allometric equation was applied to convert biomass to carbon per hectare. Improved carbon stock was determined and its economic value ascertained based on global voluntary carbon markets. Project feasibility analysis was performed using discounted cash flow, internal rate of return, and benefits/costs methods. Annual opportunity cost and variable costs were subtracted from total revenue to obtain annual net profit. The annual rate of return on investment was calculated by dividing profits by total costs. It was revealed that carbon stock improved significantly in CBFM compared to BAU ( < 5%). The improvement had positive net present value and benefit-cost ratio of 1.83. Moreover, sensitivity analysis showed that if any unexpected situation occurs, the project will still be of worthiness. The findings are useful to enrich the debate on carbon credit development under community based management of miombo woodlands in Tanzania.
Introduction
Miombo woodland is among the most important ecosystems for socioeconomic and environmental roles [1, 2] . It is home to megafauna assemblage and among the world's highbiodiversity hotspots [3, 4] . The role of miombo woodland in global carbon cycle is increasingly recognized [2, [5] [6] [7] [8] . Between 0.5 and 0.9 tons of carbon ha −1 year −1 are being sequestered in miombo woodland, with maximum sequestration in young miombo [5, 8, 9] . Moreover, livelihoods of significant number of people depend on miombo woodland through provision of many products and services [10] . Unfortunately, its capacity to provide these products and services is decreasing rapidly each year due to deforestation and forest degradation [11] .
The increasing rate of deforestation and forest degradation is a major concern for many countries in the world [11] . For example in Tanzania, the extent of deforestation and forest degradation is devastating, about 372,816 ha/year [12] .
Miombo woodland suffers the most if compared to other tropical forest biomes [11, 13, 14] . This raised necessity to promote sustainable forest management through community based forest management [10, 15] . Community based forest management (CBFM) was developed to combat deforestation and promote sustainable forest management in developing countries [16] [17] [18] . The underlying principle is that communities can be best positioned to manage and protect forest resources provided it is their interest to do so [17, 19] (Larson,  2004) .
Through CBFM, local communities establish clear rules for sustainable resource use and respond to deforestation signals more rapidly [2, 20] . This is important for the successful management of African miombo woodlands. According to Dewees et al. [10] , sustainable management of miombo woodlands is important for three reasons: (i) they sequester enormous amounts of carbon; (ii) they support livelihoods to millions of people and provide a renewable source of energy, that is, fuel wood and charcoal; and (iii) their successful management would contribute to poverty alleviation by supporting and strengthening local livelihood strategies. In times of stress these woodlands serve as an insurance against famine by offering a source of wild foods and fruits and other useful products [10, 21] .
By virtue of involving local forest users under CBFM, there is widely reported improvement of forest condition, social cohesion, and rural incomes in Tanzania and elsewhere (e.g., see [22] [23] [24] [25] (Antinori and Rausser, 2008) ). This has attracted the United Nation program on Reduced Emission from Deforestation and Forest Degradation and the role of conservation, sustainable management, and enhancement of carbon stock (REDD+) to adopt CBFM as an important toolkit [26] . Indeed, this is an important framework for sustainable forest management and climate change mitigation in many developing countries including Tanzania [27] .
REDD+ is expected to bring about economic development through transfer of payments, reduce poverty, and boost capacity of developing countries to mitigate climate change [1, 28] . If successful, carbon mitigation projects can produce cobenefits by conserving biodiversity, ecosystem services, improving forest governance, and the welfare of forest dependent communities [26, 29] . This potential, however, has not been well taped in miombo woodlands of Tanzania and its evidence base was found to be weak and questionable (Behera, 2009; Bowler et al., 2012) .
Furthermore, there are increasing doubts over the viability and effectiveness of CBFM for carbon project development [30] [31] [32] . The main concern is that benefits from carbon project development may not be sufficient to cover various costs imposed on local communities [30, 33] . Rigorous literature review has shown that there is a need for feasibility analysis on carbon project development possibilities in miombo woodlands of Tanzania [2] . This will ensure better-informed policy direction, strategy, and practice which guarantee climate change mitigation and livelihood options [2, 26] . The need for feasibility analysis of CBFM for carbon project development in order to support informed judgment and decision making about its merit is important (e.g., [30] [31] [32] ).
Whether the project shall contribute to the future improvement in social and economic welfare of the community and promotes sustainable forest management needs to be addressed. "This is a key motivation for economic feasibility analysis of carbon project development in community based managed miombo woodlands and their subsequent implications for sustainable forest management in Tanzania." According to Angelsen et al., [28] the economic viability of this kind of projects may depend on meeting important criteria such as effectiveness, efficiency, equity, and cobenefits (3E+).
Effectiveness requires that net carbon emission reductions should be positive and significant. Likewise the stored carbon needs to be "additional" if compared to business as usual scenario [28] . Efficiency implies that emission reductions are less costly relative to other options. This implies that carbon benefits should be greater than the costs borne by different stakeholders to make this instrument incentive-compatible [35] . Equity implies issues of social justice (fairness and rights) associated with implementation of the REDD+ projects at local levels [36] . Together with biodiversity conservation implications, all these are referred to as cobenefits of REDD+ projects [28] . The understanding is useful for project developers initiating carbon project and also informs climate change mitigation strategies such as those triggering development of economic incentives for promotion of sustainable forest management.
Materials and Methods
This study examined the economic feasibility of carbon project development based on the extent of carbon stock in CBFM of miombo woodland relative to a business as usual scenario in Southern Highlands of Tanzania. A counterfactual design of identifying matching treatment (CBFM) and control groups (BAU) based on similarities in observed characteristics was used [31] . This was based on assumption that treatment and control are not related to other factors that may have determined outcome (Ferraro, 2009 ). Community based managed miombo woodland (CBFM) and its adjacent business as usual (BAU) land use categories were selected using specific criteria and land use characteristics. In order to ensure a set of statistically matching comparison, however, the criteria such as similar topographical and forest characteristics, socioeconomic forest use, infrastructure, and market access were established (Table 1 ). In addition, geographic proximity and historical and ecological information were used to separate the effects of management from those of possible confounding factors. With this in mind, four CBFM managed miombo woodlands and three adjacent reference scenarios in Mufindi and Iringa rural districts of southern highlands of Tanzania were studied ( Table 2 and Figure 1 ) Figure 1 : Geographical location of study districts and respective studied forest reserves of Southern Highlands of Tanzania.
Data Collection and Analysis.
The procedure for forest inventory was based on MacDicken [37] , MNRT [38] , and from good practice guidance for land use, land use change, and forestry [39] . Required number of sample plots was determined through = (
, where CV is coefficient of variation; the value from the students' distribution table at − 1 degrees of freedom, SD standard deviation, X mean of basal area, and E precision, and in this case 10% error was adopted (Zahabu, 2008). The first plot was located at 100 m from the forest edge while subsequent plots were located systematically along transect lines at intervals of 200 m. This helped to cover gradients, species composition, and structural characteristics. Concentric circular plot with a maximum radius of 15 m was used for the aim of increasing the accuracy of the measurement and sampling intensity of various tree sizes and to save time [12] . In each sample plot (0.07 ha), plot number, slope, aspect, vegetation type, and coordinates were recorded to help in characterization of the woodlands. In total, 244 sample plots were examined, including 100 plots in business as usual as reference scenario. In each plot, Radius 2 m is measured and recorded diameter of all trees with DBH ≥ 1 cm, Radius 5 m is all trees with DBH ≥ 5 cm, Radius 10 m is all trees with DBH ≥ 10 cm, and Radius 15 m is all trees with DBH ≥ 20 cm. Estimation of amount of wood extraction was done at stump level. The number of felled trees was measured from stumps at 30 cm above ground. Three sample trees in each plot from DBH classes were randomly selected and measured for basal diameter (BD) and (DBH) in cm and height (H) of the metre. Measured basal diameter was determined as new stump if harvested within year 2014 (inventory year) and old if harvested in year 2013 and below based on stump conditions observed. The distinction of the age of stumps was established by the color and freshness of exposed wood, the size of sprouts/coppices, and the presence of fire scorch on exposed wood.
In each case, trees and stumps measured were identified using vernacular names with the help of knowledgeable local elders who are well acquainted with ethnobotany and aspect of wood utilization and management in the respective village. The criteria used for identification of the harvested species were coppice growth, wood and bark characteristics, and the symmetry of the stump. Moreover, focus group discussion and key informant interview were used to obtain perception and interest related to carbon project development. A feedback workshop for committee members was organized in Iringa town to discuss on how carbon project development venture might be and how they will be organized for the case of carbon project.
Estimation of Carbon Stock and Sequestration.
The selection of appropriate allometric equations for computation of both aboveground biomass (AGB) and belowground biomass (BGB) was done through pretested locally available allometric equations. The general allometric equation for AGB = 0.1027 2.4798 and BGB = 0.2113 1.9838 computation by Mugasha et al. [40] was used, where biomass is total tree biomass (kg) and D is tree dbh (cm). This equation includes trees greater than 1 cm diameter at breast height (dbh) and it has the advantage of requiring only dbh as an independent variable. Among others, the equation included miombo woodlands from Iringa region and also had 2 of 95% making it most reliable. The use of local allometric equations for areas with similar geographical and vegetation type is recommended in the literature (Brown, 2003) [39, 40] . Biomass was then converted to carbon using biomass carbon ratio of 0.48 and then multiplied by 3.67 to get equivalent tCO 2 /ha [12] . In addition, the total tree volume was calculated from the allometric equation developed by Mauya et al. [41] . The equation was V = 0.00016 2.463 , where V is tree volume (m 3 ) and D is tree dbh (cm) ( 2 = 0.87). Diameter at breast height of stump was obtained by regression of height to basal diameter of sample trees developed (Ht = 4.234 + 0.254 (bd), 2 = 0.78, < 0.0001).
Economic Feasibility Analysis for Carbon Project Development.
This study used Benefit-Cost Analysis (BCA) as economic analysis techniques to help with the decision whether the project is worth undertaking. Economic feasibility depends on (a) existing carbon stock; (b) baseline used here referred to as business as usual to determine deforestation rate; (c) price of carbon stock avoided; (d) costs of implementation to reduced emission. The market value of carbon stock and sequestration was calculated assuming a ton of CO 2 removal worth 5 USD [42] . Based on this, carbon credit was evaluated using net present value (NPV), internal rate of return, and benefit/cost ratio [43] . The cost of carbon sequestration in CBFM is the cost of improved forest management, including the cost of establishing CBFM and maintaining the system, plus the opportunity costs associated with the lost benefits of alternative systems (business as usual or open access). The costs are represented on a per-hectare basis, as are the carbon sequestration potentials. Thus on an annual basis, the annual gross carbon income = Emission avoided annually * $/ton of carbon while annual net income from emission avoided = Gross carbon income − (opportunity + transaction + management costs). Once the economic values of benefits and costs have been derived, the results were presented in three traditional forms: NPV, B/C ratio, and internal rate of return (IRR) [44] . Sensitivity analysis for the key parameters which might have greater influence on the project development was calculated to check the effect of unexpected situation to the feasibility results.
Results and Discussion

The Observed General Condition of Studied Miombo
Woodlands. The mean stem density was highest (4118 ± 2811 stems ha −1 ) in Kingegenyanyembe and lowest (1982 ± 1563 Note. Numbers after ± are 95% confidence limits (products of standard errors of the mean and -value at 95% confidence level) and means with the same letter are not significantly different using Bonferroni -test ( = 0.05).
stems ha −1 ) in Gangalamtumba, both CBFM managed miombo woodlands. Likewise, in business as usual (BAU) counterpart, the highest was (3216 ± 2254 stems ha −1 ) in Ngombe and lowest (2237 ± 2119 stems ha −1 ) in Makota. This observation indicates miombo woodlands under both scenarios are densely populated and their difference is statistically not significant ( > 5%). However, basal area comparison between management practices was of significant difference ( < 5%). The average basal area ranged from 11.56 ± 3.69 in CBFM to 5.14 ± 3.09 in BAU (Table 3 ). The observations suggest that CBFM managed woodlands are composed of larger diameter trees compared to BAU practices. Stem density observed can be related to previous deforestation and forest degradation of miombo woodlands. According to Chidumayo, [8] stem density and basal area correlate with disturbance in miombo woodlands. Moreover, there is domination of larger trees in CBFM with average diameter of 12.26 ± 2.92 compared to 10.32 ± 2.54 from BAU and their overall volume estimated differed significantly ( < 5%).
Further analysis on vegetation structure portrayed reverse J-shaped curve in both CBFM and BAU. This suggests existence of more trees in the smaller diameter growing to lager diameter classes. It also indicates continuous recruitment in miombo woodlands and therefore possibility for sustainability. Other studies conducted in Tanzanian miombo woodlands demonstrated similar vegetation structure [23, 40, 45] . This provides insight into how the recovery of miombo woodlands can be used in the emerging C markets as a way of maximizing rural people's benefits from forest management.
Effects of Community Based Management on Biomass for Carbon Stock.
In order to identify forest management strategies that maximize carbon storage, below-and aboveground carbon stock was first determined prior to feasibility analysis. The overall highest average carbon stock observed was in Gangalamtumba CBFM (7.97 ± 4.13 t/ha) and lowest in Kingegenyanyembe BAU (1.95 ± 1.22 t/ha). The sites comparison revealed statistically significant differences between CFM and BAU ( Table 4 ). The exception was observed in Mandumburu CBFM and its counterpart Ngombe BAU with no significant deference, and this was not expected. This could be because leakage effect of CBFM rules impacted larger village landscape which improved biomass for carbon stock in both businesses as usual and CBFM practice.
Further analysis using stump measurement and extrapolation from basal diameter to diameter at breast height suggest incidence of extraction revealed more emission in BAU (6.88±0.62 t/ha) as compared to CBFM (3.95±0.41 t/ha) ( Table 5 ). However, this result also suggests that forest extraction activities are occurring in land use management with different intensity. In addition, the result is supported by research that suggests that strengthened management rules and tenure in community forest help reduce forest product extraction and improve forest condition [22] . Interestingly, recovery trajectory of miombo woodlands after extraction is rapidly from disturbances caused by human activities [2, 46] . Elsewhere, Syampungani (2009) have reported higher capacity to resprout/regenerate in harvested stands compared to mature, more or less untouched stands suggesting that miombo woodlands are dynamic ecosystems reacting well to appropriate levels of exploitation. Miombo woodland tree species have extensive vertical and horizontal root systems which facilitate regeneration after cutting [8] . There is availability of stump coppices, root suckers, or suppressed saplings in the herb layer at the time of clearing [8, 47] . This enables the woodlands to recover rapidly, however depending on the intensity of extraction and subsequent land use [2] .
Estimated Potential Gross Revenue from Carbon Project
Development. The determinants of feasibility of carbon project development include the amount of carbon stock observed, historical business as usual, carbon price, and associated costs [31, 48] . Carbon price negotiations are still going on [26, 49] . The voluntary carbon market is currently one of the main frameworks within which carbon stock can be sold from CBFM [23, 48] . In this market, the minimum price per ton of carbon is about 5 USD during the last quarter of 2015 (Bayon et al., 2007) [23] . However, offsets that deliver complementary benefits such as biodiversity conservation and poverty reduction are likely to command a premium (Bayon et al., 2007) [26] . Using this minimum price (5 USD/tCO 2 e) from voluntary carbon market, different study sites portrayed different potential in carbon credit sales. The Gangalamtumba miombo woodland revealed higher revenue (631,063.25 $), followed by Kidundakiyave (98,080 $) and Kingegenyanyembe (11, 650 .86 $), and Mandumburu had negative results (−3,551 $) ( Table 6) .
These results show potential gross annual income from avoided carbon stock emission with clear differences between study sites in terms of carbon stock change, area, and expected income. The differences in carbon stock change could be contributed to management effectiveness and the condition of the baseline used. However, negative result from Mandumburu could be related to baseline used and the issue of effectiveness in forest management.
Estimation of the Annual Net Benefits from Avoided
Carbon Stock Emissions. The annual net benefits are calculated as the difference between the annual gross revenue and total annual costs. Taking into account important costs linked to management, opportunity, and transaction cost elements, net benefit that can be anticipated from carbon credit project development in miombo woodlands of Tanzania was determined. This analysis revealed higher transaction and opportunity costs in Gangalamtumba and Kidundakiyave (Table 7) . Management cost is based on local control and already developed CBFM institutions as established in Tanzania (Zahabu, 2008) . In order to be profitable the gross annual revenue from sales of carbon should be high enough to cover all the costs related CBFM and carbon credit project development.
However, estimates of these cost elements may change over time and these changes must be taken into account [49] . For example, one of the main challenges related to opportunity cost is to know if what is paid is close to the alternative [48] . Further studies are still necessary to be able to generate local and national cost rates that can be useful in making cost estimates for carbon project development process. In this paper it was plausible to apply local cost estimation likely to be considered in carbon project development in Tanzania.
Carbon Project Evaluation for Economic Feasibility Decision.
Before elaborating the feasibility results, the assumption which was used for this analysis considers only incremental costs and incremental benefit and therefore the net benefits and cost are the difference between business as usual situation and the project situation. Carbon project period is 20 years and discount rate is 10% per year based on central bank of Tanzania [50] . Then project evaluation was presented in three traditional forms of net present value (NPV), internal International Journal of Ecology 7 rate of return (IRR), and benefit-cost ration (B/C ratio) ( Table 8 ).
Net present value (NPV) = 89 ($/ha) and benefit-cost ration equals 1.83 which is more than 1. Based on these criteria it is worth developing carbon project under CBFM of Tanzanian miombo woodlands. Moreover there is possibility of additional revenue from CBFM management apart from carbon credit sale. One study of CBFM found total revenues gaining to each village just about US$ 540 and US$ 720 per village per year [51] . The average revenue from forest product is about US$ 630 per year; this additional revenue emanated from sustainable collection of miombo woodland products and provision of other services. Together with carbon credit the amount could be very significant return from CBFM to cover the costs imposed to the local communities and therefore contribute to the climate change mitigation and sustainable development. Therefore, this study proves that carbon project development will contribute to the future improvement in social and economic welfare of the community and thus incentivize CBFM in Tanzania.
Performing Sensitivity Analysis.
The key parameters with greater influence on the results of this study include management, opportunity, and transaction cost elements as well as carbon stock from improved management. Therefore to calculate the effect of probability of change in key variable, this study performed simulations on the following scenario.
Scenario 1.
Because of the long time period required to improve forest biomass and develop carbon project for climate change mitigation, the costs and benefits can be influenced by the discount rate used [44] (Fisher et al.,  2011) . Discounting presumes that meeting the need of current generation is more important than meeting the need of future generation. Essentially, discounting involves imposing a major cost to future for the sake of a relatively small gain today. In order to assess the sensitivity of proposed project, however, the use of higher discount rates above the one used in economic analysis of this study is recommended [44] . Increasing discount rate from 10% to 15%, the results revealed net present value (NPV) = 55 USD/ha and benefitcost ration (B/C) = 1.83. Therefore, sensitivity analysis in both scenarios shows net present values are positive, the IRR are also acceptable, and B/C ratio is more than 1. Based on these results, if any unexpected situations occur, the project will still be of worthiness.
Conclusions and Recommendations
CBFM improved biomass for carbon storage which is financially attractive. The study observed potential benefits received from carbon offset outweigh associated costs. In miombo woodlands under CBFM carbon sequestration project will obviously be an additional income source apart from other sustainably extracted nontimber forest products. This study observed positive cash flow which can be harnessed to improve livelihoods, social services, and infrastructure development. Despite the challenges of determining additionality, permanence, and reduced leakage, carbon project development is a viable option combining conservation and development. However factors such as institutional and policy context were not captured in this study and therefore need to be examined.
In combination with these factors and observed results carbon project can be more effective and feasible. Furthermore carbon market should be properly regulated to be 8 International Journal of Ecology privileged to community based intervention. For example, the question of whether the net benefits accrued should be reflected in a lower price to the emitter or increased benefits to the CBFM is open to debate. Moreover, research is important to optimize carbon credit in CBFM for suggesting innovative ways of costs reduction and maximize income. The empirical knowledge about how local community actually depends on miombo woodlands for their livelihood and how this translates to reliable carbon emission estimates is also important research gap. Despite these, miombo woodlands management that generates carbon revenue especially through CBFM may provide a viable and advantageous socioeconomic development alternative.
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